Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 628 674 A1 



EUROPEAN PATENT APPLICATION 
published in accordance with Art. 
158(3) EPC 



© Application number: 93924188.1 

® Date of filing: 05.11.93 

© International application number: 
PCT/JP93/01612 

© Internationaf publication number: 
WO 94/11590 (26.05.94 94/12) 



© int. CI, 5 : E04C 5/07 



© Priority: 06.11.92 JP 321382/92 

© Date of publication of application: 
14.12.94 Bulletin 94/50 

© Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IE IT LI LU MC 
NL PT SE 

© Applicant: NIPPON STEEL CORPORATION 
6-3 Otemachi 2-chome 
Chiyoda-ku 
Tokyo 100-71 (JP) 

Applicant: NIPPON STEEL CHEMICAL CO., 
LTD, 

13-16 Ginza 5-chome 
Chuo-ku, Tokyo 104 (JP) 

© Inventor: KIMURA, Hlromi, Nippon Steel 
Corporation 

Advanced Materials & Tech. Res. Lab., 



1618 Ida 

Nakahara-ku, Kawasaki-shi, Kanagawa 211 
(JP) 

Inventor: YAMADA, Kanji, Nippon Steel 
Corporation 

Advanced Materials & Tech. Res. Lab., 
1618, Ida 

Nakahara-ku» Kawasakr-shi, Kanagawa 211 
(JP) 

Inventor: HIRATO, Yasuhiro, Nippon Steef 
Corporation 

Advanced Materials & Tech. Res. Lab., 
1618, Ida 

Nakahara-ku, Kawasaki-shi, Kanagawa 211 
(JP) 



© Representative: Kador & Partner 
Cornellusstrasse 15 
D-80469 MLinchen (DE) 



© FIBER-REINFORCED PLASTIC ROD AND METHOD OF MANUFACTURING THE SAME. 



CD 

00 
CM 

CD 



© A fiber- reinforced plastic rod is formed out of a 
core material and a surface material, the core ma- 
terial consisting of high-strength continuous fiber and 
a parent resin, the surface material consisting of 
polypropylene fiber. This fiber-reinforced plastic rod 
is not deteriorated even when mortar and concrete 
are autoclave-cured. 



Fig. 2 
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TECHNICAL FIELD 

This invention relates to a fiber- rem forced plas- 
tic bar used for reinforcing concrete, etc. 

BACKGROUND ART 

Reinforcing steel has been widely used in the 
past as a reinforcing bar for cement mortar, con- 
crete, etc. (hereinafter referred to as "concrete, 
etc/'). Recently, various fiber-reinforced plastic 
(FRP) bars have been developed so as to satisfy 
the requirements such as light-weight, corrosion 
resistance, and so forth. 

These bars are produced by solidifying re- 
inforcing fibers such as a carbon fiber, an aramide 
fiber, a glass fiber, a vinylon fiber, etc. by a ther- 
mosetting resin such as an epoxy resin, an unsatu- 
rated polyester resin, etc, or a thermoplastic resin 
such as polyphenylene sulfide (PPS), as a matrix 
material. 

To reinforce concrete, etc, by these fiber-re- 
inforced plastic bars, bonding strength between the 
bars and concrete, etc, must be high. 

To satisfy this requirement, it has been a cus- 
tomary practice to form corrugations or convexities 
on the bar and to improve mechanica! bonding 
power. 

As the method described above, there are a 
method of imparting convexities to the FRP rtsell, 
and a method of forming a surface member on the 
surface of the FRP and then disposing convexities. 

The method of imparting convexities to the 
FRP itself includes a method of making a part of 
the FRP fiat as described in Japanese Unexamined 
Patent Publication (Kokai) No. 63-206548, a meth- 
od of forming protuberances in the FRP as de- 
scribed in Japanese Unexamined Patent Publica- 
tion (Kokai) No. 2 92624, a method of twisting a rod 
having a sectional shape other than a perfect circle 
as described in Japanese Unexamined Patent Pub- 
lication (Kokai) No. 1-192946, a method of using a 
braided rope as described in Japanese Unexamin- 
ed Patent Publication (Kokai) No. 2-105830, and 
various others. 

However, each of the methods described 
above involves the critical problems, that is, excess 
production steps become necessary, production 
becomes more difficult, and the strength of the 
FRP itself drops because the reinforcing fibers are 
not oriented in the reinforcing direction as they 
swell. 

Accordingly, the method which applies the sur- 
face member to the FRP surface is excellent from 
the aspect of the strength, and as definite methods 
of this kind, a method of braiding organic fibers 
such as a polyester fiber, a vinylon fiber, an acrylic 
fiber, etc, onto the surface, and a method of wind- 
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ing an organic fiber spirally on the surface, are 
known. 

On the other hand, concrete, etc, as cement is 
cured and left as such cannot be practically used. 
5 Therefore, a curing process becomes necessary. 

Underwater curing, wet air curing and auto- 
clave curing are known as the curing method. 

Among them, the autoclave curing method is 
the one that effects heating and pressurization by a 
w water vapor inside an autoclave, and is character- 
ized in that the curing time can be reduced and 
moreover, the improvement in the strength is great- 
er than other curing methods. 

However, when concrete, etc, reinforced by the 
15 FRP bar using the organic fiber described above 
as the surface member is cured in the autoclave, 
there occurs the problem that the strength of con- 
crete, etc, reinforced by the FRP bar is extremely 
lower than the strength provided by other curing 
20 methods, 

This is because the organic fiber of the surface 
member is degraded by a high temperature alkali 
during the autoclave curing process because the 
inside of cement is under an alkaline atmosphere, 
25 and the adhesion strength between the bar and 
concrete, etc, lowers. 

The present invention is directed to provide an 
FRP bar having an excellent tensile strength and 
excellent autoclave resistance, and a simple meth- 
30 od of producing the FRP bar. 

DISCLOSURE OF THE INVENTfON 

The present invention provides a fiber-rein- 
35 forced plastic bar comprising a core and a surface 
member, wherein the core comprises a high 
strength continuous fiber and a matrix resin t and 
the surface member comprises a polypropylene 
fiber. The present invention provides also a con- 
40 crete structure or product reinforced by this bar. 

Further, the present invention provides a meth- 
od of producing the fiber-reinforced plastic bar 
described above characterized in that after a fiber 
bundle of a high strength continuous fiber is im- 
45 pregnated with an uncured thermosetting resin, this 
fiber bundle or a bundle of a plurality of the fiber 
bundles are covered with a polypropylene fibers, 
and heat-treatment for curing is applied to the 
thermosetting resin. 

50 

BRIEF DESCRIPTION OF DRAWINGS 

Hereinafter, the content of the present invention 
will be explained in detail with reference to the 
55 drawings. Fig. 1 is a sectional view of a bar accord- 
ing to the present invention, and Fig. 2 is a side 
view of an FRP bar according to the present inven- 
tion. 

2 
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BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

In Fig. 1, a core 1 is an FRP consisting of a 
continuous fiber 3 and a matrix 4. A surface mem- 
ber 2 is formed around this core 1 . 

The high strength continuous fiber 3 that con- 
stitutes the core 1 has a strength necessary for use 
as a reinforcing member of concrete, etc, and 
preferably has a tensile strength of at feast 50 
kgf/mm 2 . 

Examples of such a fiber include a carbon 
fiber, an aramide fiber, a glass fiber, a polyarylate 
fiber, a boron fiber, and so forth. 

Among them, the polyarylate fiber is an ar- 
omatic polyester having a liquid crystal property, 
and "Vectran" (trade name) of Kuraray Co. cor- 
responds to this type. 

In this case, one or a plurality of kinds of fibers 
described above may be used. 

Among the fibers described above, the carbon 
fiber is particularly preferred because it can pro- 
duce a product having high heat- and alkali-resis- 
tance and high elastic modulus. 

A thermosetting resin is used as the matrix 4. 
Examples of the thermosetting resin used for the 
matrix 4 include an epoxy resin, an unsaturated 
polyester resin, a polyimide resin, a bis- 
maleimidetriazme resin, and so forth. 

Other resins can also be used so long as they 
are used for the FRP. Resins having high heat- and 
alkali-resistance such as the epoxy resin are par- 
ticularly preferred as the resins used for the matrix. 

Vf (volume content ratio of fibers) of the FRP 
constituting the core is preferably from 40% to 
75%. 

In other words, if Vf is less than 40%, the FRP 
has low performance as the bar and if it exceeds 
75%, production is difficult. 

The size of the core is not particularly limited. 
Practically, however, a core having a diameter of 1 
mm to 50 mm is used in the case of a round 
section, for example. 

The surface member 2 is covered on the sur- 
face of the core. A polypropylene fiber is used for 
the surface member 2. The polypropylene fiber can 
be used in any form of monofilaments, multi-fila- 
ments and spun yarns. 

They may be selected in consideration of the 
heat-treatment condition of the resin, the mechani- 
cal strength, the cost, etc. 

When the spun yarn is used among them, it 
can be preferably used because it has hfgh adhe- 
sion strength with concrete, etc, 

Though the detailed reason is not clarified, it is 
believed that when the spun yarn Is used, the 
surface property provides a favourable result for 
the improvement of the adhesion strength, in par- 



ticular. 

The polypropylene fiber used for covering pref- 
erably has a shrinkage ratio of at feast 5% under 
the curing heat-treatment condition of the resin. 
5 In other words, when the polypropylene fiber 

having a shrinkage ratio of at least 5% is used, a 
pressure due to heat shrinkage is applied so as to 
tighten the fiber bundie and at the same time, the 
resin oozes out on the surface, so that the surface 
10 member and the core can be integrated. 

If polypropylene is used as the base, any poly- 
propylene fiber can be used, and various modifica- 
tions can be made, whenever necessary. 

The size of the polypropylene fiber and its fiber 
75 diameter are not particularly limited, and they can 
be decided in accordance with desired surface 
corrugations, performance of a covering machine, 
and so forth. 

The FRP bar according to the present invention 
20 can be produced by the following method, by way 
oJ example. 

A fiber bundle consisting of at least one mem- 
ber selected from the group of the carbon fiber, the 
aramide fiber and the polyarylate fiber is impreg- 

25 nated with an uncured thermosetting resin, and 
then the polypropylene fiber is covered to this fiber 
bundle or to a fiber bundle bundling the fiber 
bundles. Thereafter, heat-treatment for curing is 
applied to the thermosetting resin. 

30 The fiber bundle used hereby is obtained by 

bundling hundreds to dozens of thousands of the 
fibers (single fibers) of the same kind. 

The fiber bundle can be impregnated with the 
resin in a customary manner. For example, the 

35 fiber bundle is continuously passed through a resin 
solution prepared by diluting the resin with a sol- 
vent to impregnate with the resin, and successively 
drying the resin to evaporate the solvent. 

The fiber bundle impregnated with the resin is 

40 used as one bundle, or an assemble of a plurality 
of fiber bundles. 

The number of fiber bundles used is deter- 
mined on the basis of the sectional area of the core 
produced and the sectional area of the fiber bun- 

45 die. 

When a plurality of fiber bundles are assem- 
bled and used, the fiber bundles need not be the 
same kind, and different kinds of fiber bundles may 
be assembled and used, if necessary. 

so The fiber bundles can be bundled by passing 

them through a die or twisting them together. Fur- 
ther, the covering treatment can also be used as 
the bundling treatment 

Covering is carried out by braiding the poly- 

55 propylene fiber on the surface of the core, or 
spirally winding them. It is also possible to wind a 
woven fabric. 
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Covering need not completely cover the core 
material. Though the covering layer preferably cov- 
ers at least 60% of the surface of the core, an 
advantage can be effectively obtained in some 
cases even when the covering layer covers a part 
of the surface of the core, such as a covering ratio 
of 5 to 10%, for example. 

The fiber bundle impregnated with the uncured 
thermosetting resin and covered with the poly- 
propylene fiber is heat-treated under the heat-treat- 
ment condition of the thermosetting resin used, 
thereby curing the resin and obtaining the FRP bar. 

This heat-treatment may be a system which 
continuously passes the fiber bundle through a 
furnace or a batch heating system which heats the 
liber bundle batch-wise. 

Reinforced concrete, free from the drop of re- 
inforcing efficiency even when autoclave curing is 
effected to the concrete, can be obtained by using 
the FRP bar according to the present invention. 

In order for the FRP bar to keep excellent 
reinforcing efficiency even after autoclave curing, 
the surface material must not undergo degradation 
due to autoclave curing. For this purpose, the sur- 
face member must have high heat- and afkali- 
resistance. 

The carbon fiber, the aramide fiber and the 
polyarylate fiber are examples of the fibers having 
high heat- and alkali-resistance. However, these 
fibers are expensive, and the carbon fiber has a 
small elongation at break. Accordingly, handling for 
conducting the covering treatment is difficult. 

Furthermore, since the fibers described above 
have low shrinkage, they do not have a pressuriza- 
tion effect on the fiber bundle, so that compactness 
of the fiber bundle and integration of the surface 
member with the core cannot be easily attained. 

On the other hand, the polypropylene fiber has 
high chemical resistance and shrinkage, but has 
defects of a low bonding strength with mortar and 
resins. 

This is because polypropylene does not have a 
polar functional group and its surface is inactive. 

For this reason, though the polypropylene fiber 
has been used conventionally for improving tough- 
ness of concrete, etc, it has not been used for 
improving the strength. 

However, the FRP bar according to the present 
invention can allow the reinforcing mechanism to 
effectively act even when the polypropylene fiber is 
used. 

The reason is as follows. It is believed that 
adhesion between the FRP bar and concrete pri- 
marily depends on the anchor function by convex- 
ities of the bar surface, and lowness of chemical 
bonding strength between the surface member and 
concrete does not exert adverse influences so 
much. 
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The polypropylene fiber has the drawback that 
its heat-resistance is low. In other words, the poly- 
propylene fiber is molten at 164°C and undergoes 
shrinkage even below this temperature. 

5 The strength of the organic fibers generally 

drops markedly when they undergo shrinkage. 
Therefore, it has been believed that these fibers 
cannot be used at a temperature above their 
shrinkage point. 

to In the case of the bar of the present invention, 

however, the drop of the bonding strength with 
concrete does not occur even when autoclave cur- 
ing is carried out near the melting point of the 
polypropylene fiber. 

75 Though the reason has not been clarified in 

detail, it is believed that since the polypropylene 
fiber is buried in the matrix resin and concrete, 
vigorous shrinkage is prevented, and consequently, 
the drop of the strength does not occur so much. 

20 As to the form of the fiber, the highest adhe- 

sion strength can be obtained when the spun yarn 
is used. Though the reason has not been clarified 
in detail, it is believed that when the spun yarn is 
used, its surface property provides a favourable 

25 result for improving particularly the adhesion 
strength. 

EXAMPLE 

30 An adhesion strength test in this example was 

carried out in accordance with Japan Concrete 
Institute Standards (JCI-SF8). One bar was buried 
in mortar of a bricket type testpiece, and after it 
was wet-cured for one day, it was subjected to 

35 autoclave curing at 160*C for 10 hours to obtain a 
testpiece. The evaluation value was the quotient 
obtained by dividing the maximum load of the 
testpiece in the tensile test by the burying area. 
The value represents a mean of five tests. 

40 The spun yarn of the polypropylene fiber used 

had a size of 500 Deniers and a shrinkage ratio of 
10% at 1 40 ^C. 

Filament yarns of the polypropylene fiber were 
multi-filament yarns having a size of 500 Deniers 

45 and a shrinkage ratio of 15% at 140 * C. 

A fiber bundle obtained by bundling 3,000 car- 
bon fibers having a tensile strength of 350 kgf/mm 2 
and a tensile elastic modulus of 35 tonf/mm 2 was 
impregnated with an epoxy resin, which was dis- 

50 solved in methyl ethyl ketone and was of a type 
which was cured at 140 P C in one hour. The fiber 
bundle was continuously heated in a heating fur- 
nace at 80 D C with a retention time of 20 minutes 
so as to distill off the solvent, Le, methyl ethyl 

55 ketone. 

After 20 epoxy resin-impregnated fiber bundles 
were gathered, the polypropylene fiber was cov- 
ered on the resulting fiber bundle under the con- 

4 
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dition tabulated in Table 1. Further, the fiber bundle 
was continuously heated in a heating furnace at 
140°C for one hour so as to cure the epoxy resrn 
and to obtain an FRP bar. 

In each of the resulting bars, the resin perme- 
ated satisfactorily into the polypropylene fibers and 
was integrated with the core. 

Table 1 illustrates the kind of the poly- 
propylene fibers used, the coating condition, the 
covering ratio and the adhesion strength test re- 
suits. 
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Comparative Example 1 
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55 As a Comparative Example, multi-filaments of a 

polyester fiber having a size of 500 Deniers were 
braided at a covering ratio of 100% in place of the 
polypropylene fiber. 
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In the resulting bar. the resin well permeated 
into the polyester fiber and was integrated with the 
core. 

The adhesion strength measured by the same 
method as that of Example was 10 kgf/cm 2 , and 
the polyester fiber was degraded into brown color 
due to curing. 

Comparative Example 2 

As another Comparative Example, multifila- 
ments of an aramide liber having a size of 500 
Deniers were braided at a coverfng ratio of 80% in 
place of the polypropylene fiber. 

In the resulting bar, the resin hardly permeated 
into the aramide fiber, and the core and the ar- 
amide fiber were hardly bonded. 

The adhesion strength measured in the same 
way as in Example was 10 kgf/cm 2 . 

INDUSTRIAL APPLICABILITY 
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60% of the surface of said core. 

A concrete structure or product reinforced by 
said fiber-reinforced plastic bar according to 
claim 1. 

A method for producing a frber-reinforced plas- 
tic bar characterized in that a fiber bundle of a 
hfgh strength continuous fiber is impregnated 
with an uncured thermosetting resin, a poly- 
propylene fiber is so applied to cover said fiber 
bundle or a bundle of a plurality of said fiber 
bundles, and heat-treatment for curing said 
thermosetting resin is conducted. 



20 



Mortar, concrete, etc, reinforced by the FRP 
bar which have excellent characteristics and can be 
cured in an autoclave can be obtained by using the 
bar of the present invention. Therefore, the present 
invention is useful in the fields of construction and 
civil engineering. 
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Claims 
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A fiber-reinforced plastic bar comprising a core 
material and a surface member, wherein said 
core comprising a high strength continuous 
fiber and a matrix resrn, and said surface 
member comprises a polypropylene fiber. 
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2, A fiber-reinforced pJastic bar according to 
claim 1, wherein said polypropylene fiber is a 
spun yarn. 
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3. A fiber-reinforced plastic bar according to 
claim 1, wherein said high strength continuous 
fiber rs a member selected from the group 
consisting of a carbon fiber, an aramide fiber, a 
glass fiber, a polyarylate fiber and a boron 
fiber. 



A fiber-reinforced plastic bar according to 
claim 1, wherein a matrix of said core is a 
member selected from the group consisting of 
an epoxy resin, an unsaturated polyester resin, 
a polyimide resin and a bismaleimide-triazine 
resin. 

A fiber-reinforced plastic fiber according to 
claim 1, wherein said polypropylene fiber is 
braided in such a manner as to cover at least 
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